Transcripts from two immediate early (IE) genes have been identified in cells infected with the gammaherpesvirus, herpesvirus saimiri. One is a 1-3 kb RNA transcribed from the HindlII-G fragment of virus DNA (IE-G), the other is a 1.6 kb RNA from the gene for the IE 52K phosphoprotein. Labelled oligonucleotide probes specific for each of these RNAs have been used in in situ hybridization experiments to compare their expression in individual cells in infected populations. In the presence of cycloheximide, the IE-G RNA accumulates synchronously throughout the population of infected cells and prior to the asynchronous accumulation of RNA from the gene for the IE 52K protein in the same population of cells. This heterogeneity in the timing of expression of RNA from the IE 52K gene is paralleled by the asynchronous accumulation of the protein product. We conclude that transcription of the IE-G RNA is independent of expression of the IE 52K gene and that expression of the 52K gene requires (or is prevented by) factors which do not affect accumulation of the RNA from the IE-G gene.
The regulated expression of virus genes during productive infections with herpesviruses can be divided into three main temporal phases, immediate early (IE or ~), delayed early (DE or t) and late (~, Honess & Roizman, 1974 ; for a review see Roizman & Sears, 1990) . By definition, the IE gene products must include proteins which act as effectors of the expression of DE and late genes. The primary and indispensable roles of the virus IE genes are as cofactors promoting the transcription of virus DE and late genes by the host RNA polymerase II complex (Roizman & Sears, 1990 ). An essential core of replicative and structural proteins are among the DE and late gene products encoded by representatives of each of the biologically diverse herpesvirus subgroups (alphaherpesviruses, betaherpesviruses and gammaherpesviruses; Davison & Scott, 1986; McGeoch et al., 1988; Chee et al., 1990; Baer et al., 1984; Davison & Taylor, 1987) . Moreover, this subset of essential replicative and structural proteins is typically the product of divergent evolution from common ancestral genes; that is they are members of homologous protein families. In contrast, most regulatory IE genes of herpesviruses from different biological subgroups are not homologous (Davison & Scott, 1986; Davison & Taylor, 1987; Stenberg et al., 1984; Akrigg et al., 1985; Honess, 1984; Stinski, 1990; Kieff & Leibowitz, 1990) . Differences in the factors required for the expression of IE genes and for their 0000-9791 © 1990 SGM actions as effectors of the expression of later virus genes seem likely to be significant determinants of the differences in the biological properties of herpesviruses.
We have identified two genes of the T cell lymphotropic gammaherpesvirus, herpesvirus saimiri (HVS, saimiriine herpesvirus 2), which are transcribed into stable RNAs under IE conditions (Randall et al., 1984a; Nicholas et al., 1988 Nicholas et al., , 1990 . The most abundant RNA is a 1-3 kb species arising from within the HindlII-G fragment of the virus genome and is predicted to encode a 28K protein with no obvious sequence relationship to any of the proteins recognized from the complete sequences of alphaherpesviruses [herpes simplex virus and variceUa-zoster virus (VZV); Davison & Scott, 1986; McGeoch et al., 1988] , a betaherpesvirus (human cytomegalovirus; Chee et al., 1990) or the human B lymphotropic gammaherpesvirus (Epstein-Barr virus; Baer et al., 1984) . The other IE transcript is a 1.6 kb RNA from the gene for the previously characterized IE 52K protein (Randall et al., 1984a; Nicholas et al., 1988 Nicholas et al., , 1990 and is homologous to the BMLF1 product of Epstein-Barr virus and to the gene 27 or IE 63K protein encoded by UL54 of herpes simplex virus type 1 (HSV-1) and RF4 of VZV (Nicholas et al., 1988; McGeoch et al., 1988; Davison & Scott, 1986) .
Monoclonal antibodies have been used to examine the synthesis of the IE 52K protein in bulk cultures of infected cells and in the individual cells constituting such populations (Randall et al., 1984a (Randall et al., , b, 1985 . Synthesis of the IE 52K protein preceded the synthesis of the DE DNA-binding proteins (51K and 110K) in all cells, but there was a significant degree of cell-to-cell variation in the time from infection to detectable 52K expression. This asynchrony could be reduced, but not overcome, by the use of very high m.o.i, and was sufficient to account for the relatively protracted cycle of replication of HVS in tissue culture (Randall et al., 1985) .
We have recently determined the sequence of the portion of the HindlII-G fragment of the HVS genome which specifies the major IE transcript (Nicholas et al., 1990) and the sequence of the 52K gene in the EcoRI-I/E fragment was determined by Nicholas et al. (1988) . In this paper, we have used labelled, single-stranded oligonucleotide probes specific for each of these IE RNA molecules ( Fig. 1 Nicholas et al., 1990) were selected from regions with higher than average (G + C) content to improve the stability of hybrid molecules. Labelled probes complementary to these templates (shortened by five bases to permit separation of product from template strands) were synthesized by enzymic extension of internally annealed 8-mer primers in reaction mixtures (15~tl; 10 mM-Tris-HC1 pH 8.5, 10 mM-MgC12, 50 btM-dATP, -dTTP and -dGTP) containing 30 ng template, 10 ng primers, 30 btCi of [~_3sS]dCTP (Amersham) and 10 units of the Klenow fragment of DNA polymerase I. Reactions were incubated for 2 h at 0 °C, terminated by addition of 15 p.l of formamide, heated at 65 °C for 5 min and separated by electrophoresis through a 10~ polyacrylamide sequencing gel. Labelled oligonucleotides (33-mers) were located by autoradiography of the wet gel, the appropriate regions were excised and the oligonucleotides eluted into 0-25 ml of 1 mt, I-EDTA. Specific activities of the probes used for the experiments presented here were 9-3 x 108 d.p.m./btg (EcoRI-I probe) and 1.5 x 109 d.p.m./~tg (HindlII-G probe).
Monolayers of Vero cells grown on multi-well microscope slides were mock-infected or infected with 100 p.f.u./cell of HVS strain 11. Cultures were incubated at 37 °C in Dulbecco's MEM supplemented with 2~ calf serum in the presence or absence of 50 txg/ml of cycloheximide. At 6 h, 12 h and 18 h after infection, replica slides were removed, fixed in ethanol : acetic acid Also shown are the portion of the peptide sequences (single letter codes above the template sequence) predicted for these regions of the two IE gene products (Nicholas et al., 1988; 1990) . (Fig. 1 ) bound to monolayers of uninfected Vero cells (panel 1) and to cells fixed at 6 h, 12 h or 18 h after infection in the absence ofinhibitors (panels 2, 4 and 6, respectively) or in the presence of 50 p.g/ml of cycloheximide fixed at 6 h (panel 3) and 12 h (panel 5) after infection. Monolayers were formed on glass multiwell microscope slides and images of four replica wells are illustrated for each probe at each time.
(3 : 1, 15 min at room temperature), washed in absolute ethanol, dried and processed for in situ hybridization. Monolayers were first pretreated to increase probe penetration by treatment with 0.2 ~-HCI (room temperature for 20 min) and then with 1 p.g/ml of proteinase K (in 20 mM-Tris-HC1 pH 7-4, 2 mM-CaC12 at 37 °C for 15 min) before being washed twice with water, dehydrated with ethanol (twice for 5 min in 70~ ethanol and once for 5 min in 95 ~ ethanol) and air-dried. Slides were then hybridized with the [~.35 S]dCTP-labelled single-stranded probes specific for the IE RNAs from HindlII-G or EcoRI-I (Fig. 1 ). Probes were added to give final concentrations of 3 ng/ml of hybridization solution [consisting of 50~ formamide, 10~ dextran sulphate, 100 btg/ml of sonicated and denatured calf thymus DNA, 50 btg/ml of poly(A), 0-02~ polyvinylpyrrolidone, 0-02~ bovine serum albumin and 0.02~ Ficoll in 0.6 M-NaC1, 10 mM-HEPES pH 7.2 and 1 mM-EDTA] and 60 btl of this solution was added to each well of the slide and sealed with a coverslip. Hybridization was for 24 h at 37 °C in a sealed humidified chamber and at the end of this time coverslips were floated off in 50~ formamide, 0.6 M-NaC1, 80 mM-Tris-HC1 pH 7.8, 4 mM-EDTA and the slides were washed in multiple changes of 2 × SSC, dehydrated in graded alcohols and air-dried. To assess the overall levels of hybridization to the bulk populations, slides were first exposed to give lowresolution contact autoradiograms on X-ray film (Fig. 2) . Both probes were highly specific, with negligible hybridization to mock-infected cultures. However, there were clear differences in the relative rates of accumulation of the two RNAs in the presence of cycloheximide. Hybridization to the probe for the HindlII-G RNA was maximal at 6 h whereas hybridization to the probe for the EcoRI-I RNA was higher at 12 h than at 6 h at this m.o.i. (100 p.f.u./cell). These results are consistent with measurements of the accumulation of these RNAs by Northern blotting (Nicholas et al., 1988) and confirm that the HindlII-G RNA reaches a peak before the RNA for the 52K gene from EcoRI-I/E.
The cellular basis for the differences in the gross kinetic behaviour of these two IE RNAs was revealed by microscopic examination of thin-film autoradiograms of these cultures (Fig. 3) . After hybridization with labelled oligonucleotides (text), washed slides (see Fig. 2 ) were coated with Ilford K5 nuclear emulsion (diluted 1 : 1 with 2 ~ glycerol), dried and exposed for 1 to 2 months at 4 °C in a desiccated chamber. Slides were developed in Kodak developer (diluted 1:4 for 3min at room temperature), stopped in 1 ~ acetic acid/1 ~o glycerol and fixed in hypam fixative (diluted 1:4 for 3 min) before being stained with 1 ~ toluidine blue. The toluidine blue staining permits recognition of dark-stained nucleoli and nuclei within poorly stained cytoplasms and does not obscure detection of silver grains by directly transmitted light microscopy (dark grains). The background of grains over uninfected cells was very low with both probes. Hybridization to the HindlII-G probe was relatively uniformly distributed through the cytoplasmic fractions of all infected cells both at 6 h and at 12 h in the presence or absence of cycloheximide (Fig. 3) . Hybridization was markedly stronger in cells treated with cycloheximide and at 6 h compared to 12 h (Fig. 3) . In marked contrast, at the same time, only a minority of the infected ceils contained very high concentrations of the EcoRI-I RNA Short communication for the 52K protein. This proportion changed from 10 to 20~ at 6 h in the presence of cycloheximide to 40 to 509/00 at 12 h. In the absence of cycloheximide only a very low level of hybridization was visualized with the EcoRI-I probe. These results of in situ hybridization to measure RNA accumulation resemble very closely the results from studies reported by Randall et al. (1985) of the asynchronous accumulation of the 52K protein based on immunofluorescence microscopy.
The importance of the present results lies in the demonstration that in a population of infected cells, all of which contain copies of the HVS genome which are active in the transcription of the HindlII-G gene, there is asynchrony in the transcription of the gene for the 52K protein. Thus, in addition to cell-to-cell variations in entry and intracellular processing of virus particles which provides one component of asynchrony (Randall et al., 1985) , it is now clear that the transcription of the IE 52K gene requires (or is prevented by) factors which do not affect the transcription of the IE gene in HindlII-G. Thus there is differential regulation of the expression of these two IE genes. Our previous studies showed that expression of the 52K protein was followed by entry into the lyric cycle of DE and late gene expression (Randall et al., 1984a (Randall et al., , 1985 . The nature of the transcription factors which differentiate between the HindlII-G and 52K IE genes of HVS seem likely to play a crucial role in determining the entry of this virus into a lytic cycle of virus gene expression.
